During the short period of annual foliage growth in evergreen plant communities, aerodynamic fluxes (frictional, thermal, evaporative) in the atmosphere as it flows over and through a plant community determine the Foliage Projective Covers and leaf attributes in overstorey and understorey strata. The number of leaves produced on each vertical foliage shoot depends on available soil water and nutrients during this growth period. The area of all leaves exposed to solar radiation determines net photosynthetic fixation of the plant community throughout the year. In turn, the species richness (number of species per hectare) of both plants and resident vertebrates is determined. The species richness of unicellular algae and small multicellular isopods in permanent freshwater lagoons in Northern Australia may possibly have been increased by radiation released from nearby uranium deposits. Evolution of new angiosperms probably occurred in refugia during periods of extreme drought. When favourable climates were restored, the vegetation expanded to result in high Gamma Biodiversity (number of plant species per region) but with each major plant community having essentially the same species richness (number of plant species per hectare). The probable effects of pollution and Global Warming on biodiversity in Australian ecosystems, that experience seasonal drought, are discussed.
Introduction
During the 1920s to 1940s, scientists in the Botany Department and Waite Agricultural Research Institute of the University of Adelaide (together with scientists of CSIRO Soils Division and the South Australian Museum) studied many aspects of the climate, soils, vegetation, fauna, and Aborigines in South Australia as well as on the rest of the continent of Australia [1] .
In 1935, the holistic concept of the "ecosystem" was promoted by Tansley, Professor of Botany of Oxford University [2] . The "ecosystem" concept, relating climate, soils, and vegetation, over time (short-and long-term) was pursued by Crocker of CSIRO Soils Division and the Agronomy Department of the Waite, together with Professor Wood of the Botany Department.
During 1947 and 1948 while on sabbatical leave in Cambridge University and the University of California, Berkeley, Crocker developed the concepts of "soil genesis and the pedogenic factors" and their interactions with the dynamics of plant communities-in space and time [3] . The various ecophysiological facets of the ecosystem were to be explored and integrated by one scientist: Vegetation = Function (climate, parent material, relief, organisms, time).
The holistic study of the dynamic processes that operate throughout the life cycle-from regeneration to maturity to senescence-of ecosystems in soil-vegetation chronosequences, post-fire succession, secondary succession after disturbance, and so forth, was initiated in the 1950s as the discipline of community-physiology. The discipline of community-physiology attempts to study the processes that determine the complex interrelations of the many plants, animals, and microorganisms that form each ecosystem-quite distinct from descriptive studies of the component species of the whole ecosystem or the study of individual species within an ecosystem, termed ecophysiology and population ecology. Physicochemical processes (aerodynamic fluxes, available soil water, and mineral nutrition) determine the structure, growth, and biodiversity 2 International Journal of Ecology of intact plant communities (and associated consumers and decomposers) that comprise the diversity of ecosystems in the field.
Gondwanan Soil Heritage
On the super-continent of Gondwanaland during the Late Cretaceous, high rainfall of the tropical to subtropical summer degraded clay minerals in the soils to kaolinite, a clay in which phosphate ions are trapped within its crystalline lattice-structure thus making them unavailable to microorganisms and plant roots. Today, 50 million years later, remnants of these lateritic soils (tropical lateritic earths and subtropical lateritic podzols) still persist on the peneplain topography of all Gondwanan continents ( Figure 1 ).
Although tectonic movement and climate change during the Cainozoic have eroded the Gondwanan lateritic soils, the original kaolinitic clays have been incorporated into modern-day soils where they are still able to bind phosphate in an unavailable form [4] . Pattern Analysis, PATN, of foliar nutrients (P, K, Ca, and Mg) in 154 samples of overstorey leaves collected from plant communities in eastern Australia identified three major nutrient groups (nutrient-rich, medium-nutrient, and nutrient-poor) that were then further divided into seven relatively "homogeneous" groups (Alison Specht, in [5, pp. 282-286] ). The nitrogen level and nitrate reductase activity in leaves are closely correlated with the level of foliar phosphorus [6] [7] [8] . The vegetation on the remnants of lateritic podzols in southern Australia and on sandstone soils and Quaternary sands that are widespread in Australia are all very nutrient-poor. Even the soils on which medium-nutrient savanna open-forests and woodlands have persisted require superphosphate fertilizer for agricultural development. It is only the vegetation on recent basaltic soils that can be regarded as nutrient-rich.
Gondwanan Vegetation Heritage
The development of the Gondwanan vegetation in the Late Cretaceous through the Cainozoic-palynological studies initiated by Cookson in the University of Melbourne in the 1940s [13] [14] [15] [16] -was traced by Martin in the University of New South Wales and by Dettmann in the University of Queensland [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . Fossil pollen grains preserved in the brown coal deposits of the Early Tertiary reveal that the Gondwanan Antarctic beech, Nothofagus subsection brassii, today found in New Caledonia and New Guinea, was widely spread in southern Australia [14] [15] [16] [19] [20] [21] [22] [23] [24] [25] [26] ; limited numbers of pollen grains of the temperate Nothofagus subsections fusca and menziesii were found in the same deposits. Subtropical rainforest species in the palaeontological record included the Protead genera Gevuina, Knightia, Macadamia, and others [29] . Southern Gondwanan families such as Myrtaceae, Proteaceae, Restionaceae, Poaceae possess a subtropical to tropical heritage [30, 31] . Fossil pollen grains of the typically Australian genus Eucalyptus have been found in the fossil records of the southern parts of Gondwanan • S to the South Pole [12] .
continents, South America, Australia, and New Zealand [32] [33] [34] [35] .
In the Early Tertiary when the Australian continent separated from Antarctica, temperate rainforest vegetation, dominated by Nothofagus, became widespread over the southern and south-eastern part of the continent [13, 26, 36] ; in nutrient-poor habitats, sclerophyllous heathy elements existed [29] . Tropical rainforest flora existed in the wettest areas of the north and north-east [37, 38] . Gondwanan C4 grasses and associated flora must have been widespread in the warmer north of the continent [31, [39] [40] [41] [42] , while some 14% of the present-day sandstone flora contains woody species in common with the sandstone flora of India ( Figure 2 )-and nowhere in between [37, [43] [44] [45] . Although the southern part of the Australasian Tectonic Plate was located at latitude [60] [61] [62] [63] [64] [65] • S during the Late Cretaceous, palaeo-oxygen analyses of the sediments in the South Tasman Sea indicate a mean annual temperature of 19.5
• C (Figure 3 ). At this latitude, the sun would shine throughout the year, with no long winter night [46] ; the temperature differed by only a few degrees from winter to summer [29] , thus favoring tall open-forest vegetation, similar to the structure of the vegetation inland from the coast of northern New South Wales.
Palynological studies showed that, from the mid-Miocene, the aridity of the continent increased progressively from north-western Australia, across inland Australia into south-eastern Australia [20, [22] [23] [24] [25] . As the climate became drier in the Early Tertiary, the genus Eucalyptus (including the bloodwood now known as Corymbia) appears to have evolved as an overstorey to the Gondwanan heathland and H im a la y a n F r o n t Sundaland A u s t r a li a n F r o n t grassland vegetation [32] . The original rainforest vegetation of the tropical north-which is linked with New Guinea [49] -and the temperate south survived in only a few perhumid sites. Some taxa of the Early Tertiary flora became separated by thousands of kilometres on either side of the continent [44] ; the present-day floras of south-western and south-eastern Australia overlapped on Kangaroo Island and adjacent Peninsulas of South Australia [50] .
During the Mid Miocene, a second period of laterisation occurred in south-eastern to central Queensland [51, 52] when a period of global warming of almost 5
• C (Figure 3 ) was recorded in the surface water temperatures near-shore in north-eastern Australia [48] . A subtropical climate, with rainfall maintained high throughout the year, was necessary to produce the oscillating reducing and oxidizing conditions that resulted in the lateritic concretion stratum at the junction of the A and B horizons. This second period of lateritisation was apparently not produced in the cooler climate in southern New South Wales [21, 53] .
Based on the isotopic signature of δ 18 O in kaolinitic soil profiles, Bird et al. [54] suggested that a rise in atmospheric carbon dioxide was associated with these weathering profiles during both the Late Cretaceous and the Mid Tertiary.
Later, as aridity increased in the centre of Australia during the Mid Tertiary-from the north-west to the southeast [25] -tropical rainforests were replaced by Acacia aneura shrublands and Triodia hummock grasslands. Under a monsoonal (summer-wet) climate, alumino-silicates were dissolved from the opal phytoliths that developed in the epidermal cells of grasses ( [55, 56] , [5, Page 312] ), such as Triodia spp., that had become common in inland Australia. 
Pleist. Silcrete (termed "grey billy") was precipitated on the underlying rocks [51, [57] [58] [59] . Today, the distribution of silcrete in Central Australia [60] is essentially the same as that of Triodia hummock grassland [5, Page 114] . The Mid-Tertiary marine inundations in southern Australia, that submerged the Eucla Basin and the Murray Basin, and so forth, resulted in the deposition of a great depth of calcareous material, composed of foraminifera and molluscs, and so forth, [5, 61] . After the seas retreated, the soils that developed on this calcareous substrate experienced a continual accession of sea spray (cyclic salt). Depending on the degree of leaching, varying amounts of sodium ions became associated with the clay cations of these soils, thus producing a solonetzic B horizon. Both coastal and inland sand-dunes became mobile following devegetation during the arid cycles of the Quaternary. 
Biodiversity in Arnhem Land
The study of biodiversity in the Arnhem Land vegetation in Northern Australia was one of the aims of the botanist, Specht, on the 1948 American-Australian Scientific Expedition to Arnhem Land [64, 65] . (3) The flora of the sandstone hills and associated sandy outwash soils contain genera typical of the heathland species (± overstorey eucalypts) that are common on the nutrient-poor soils of southern and eastern Australia.
Heathland Shrubs-Fabaceae (Bossiaea, Daviesia, Jacksonia); Myrtaceae (Asteromyrtus/Melaleuca, Calytrix); Poaceae (Triodia microstachya); Proteaceae (Banksia, Grevillea, Hakea, Persoonia); Santalaceae (Exocarpos); Sapindaceae (Dodonaea).
Heathland Understorey-Anthericaceae (Thysanotus); Campanulaceae (Wahlenbergia); Dilleniaceae (Hibbertia); Droseraceae (Drosera); Goodeniaceae (Goodenia); Haloragaceae (Haloragis); Loganiaceae (Mitrasacme); Phormiaceae (Dianella); Rutaceae (Boronia); Stackhousiaceae (Stackhousia); Stylidiaceae (Stylidium); Thymelaeaceae (Pimelea); Violaceae (Hybanthus); Xanthorrhoeaceae (Lomandra). [73] whereas about 10 different desmid taxa were recorded in pools in the sandstone hills nearby or in southern Australia [73, 74] .
Phreatoicidean isopods also show "microendemism" in Arnhem Land with 1 or 2 unique taxa each with a small apparent range, maybe less than a kilometre [75] . South of Oenpelli, Buz Wilson found 3 species and in the North Jabiluka outlier there was as many as 11 species [75] .
Plants and animals that have a long reproductive cycle do not appear to be affected by increased background radiation-at least in the Rum Jungle area (W. E. Bateman, pers. comm., 1952).
(7) In the Eucalyptus tetrodonta open-forest, wetlands, coastal dunes, and mangroves of the lowlandswhere physicochemical processes ensure the dynamic equilibrium of "structure, growth, and biodiversity" in the ecosystem-the chances of survival of any new species that may have evolved over the last 50 million years will be slim. 
Major Plant Communities
The plant communities that had been described in the many ecological surveys [76] made throughout the continent were collated under structural formations and their conservation status assessed [77] . As plant communities had been defined subjectively in most ecological surveys throughout Australia, the floristic International Journal of Ecology 5 
Seasonal Phenology
The regular production-during the summer months-of new foliage and flowers in overstorey eucalypts of openforests and of mallee open-scrubs, in dominant shrubs of heathlands and in dominant species of tussock grasslands during the driest months in the Mediterranean-type climate of southern Australia [80] [81] [82] [83] [84] , posed an ecological conundrum concerning the water relations of these species. Unlike the summer growth rhythm of the overstorey plants, understorey plants in all these plant communities initiated new foliage shoots and flower buds during springtimethe season of maximal available water [81, [85] [86] [87] [88] [89] . Rootlet growth, however, occurred in both overstorey and understorey species during the same season-spring-when litter decomposition was maximal [80, 90, 91] . Year-long water balance studies on all these plant communities revealed that the horizontal coverage of all the leaves in the plant community-that is, the Total Foliage Projective Covers (FPCs) of the overstorey and understorey strata-was so adjusted to the aerodynamic fluxes in the atmosphere as it flows over and through the plant community that soil water was conserved during the wet winterspring season to be utilized during the dry summer season [91, 92] .
Growth rhythms of foliage shoots and rootletssimilar to that of the heathlands of southern Australiawere observed in the overstorey and understorey strata of the fynbos (protead-ericad-restiad heathlands) in the Mediterranean-type climate of Cape Province, South Africa [93, 94] . This disjunction in springtime rootlet production and summer shoot growth in overstorey species was thus apparent on the nutrient-poor soils in the fynbos of Cape Province as well as in heathlands, eucalypt open-forests, mallee open-scrubs and tussock grasslands on the nutrientpoor soils of southern Australia.
In contrast, both rootlet and foliage shoot growth occur in the same springtime season in the overstorey and understorey of the inland renosterveld-now a shrubland of Elytropappus rhinocerotis, with a former overstorey of Euclea, Olea, Pterocelastrus, Rhus, and Sideroxylon-on the more fertile soils of the Malmesbury Shales in Cape Province ([5, Page 298]; [93, 95] ). On the medium-nutrient soils in the Mediterranean-type climates of southern California and southern France, Annual Shoot Growth of the chaparral and garrigue vegetation occurred during springtime-not during the dry summer season [96, 97] .
The summer foliage-growth rhythm of the overstorey species in the Mediterranean-type climates of southern Australia and South Africa appears to be a heritage of the climatic conditions that existed when southern Australia and Africa were part of Gondwanaland 50 million years ago. International Journal of Ecology Palaeo-oxygen studies [48] on the sea-floor deposits on the Campbell Plateau of the South Tasman Rise indicate that surface water temperature was then around [15] [16] [17] [18] [19] [20] • C. As the Southern Ocean increased in latitude as the continental plate of Australia drifted northward at a rate of 53-70 mm per year [98, 99] , the surface water temperatures became progressively cooler, reaching 0-5
• C by the Plio-Pleistocene. Thus, the subtropical vegetation [19, 26, 29, 100 ] that flourished in southern Australia at the beginning of the Tertiary became stranded in the temperate climate of the present day.
Today, foliage shoot growth of the overstorey trees in subtropical eucalypt open-forests and rainforests occurs during springtime-the driest time of the year in southeastern Queensland-and again in autumn at a reduced rate of production [101] [102] [103] [104] [105] [106] [107] [108] . Flower production follows the shoot growth phenology in subtropical eucalypt open-forests [83] . This subtropical growth rhythm-termed mesotherm [5] -is initiated when mean monthly air temperature rises above 15
• C, reaches a peak at 20
• C, and ceases by 25
The spring-autumn foliage growth rhythm of the mesotherm (subtropical) vegetation that dominated the southern Australian landscape in the Early Tertiary gradually shifted to a summer growth rhythm as the climate became cooler during the Cainozoic [5, 80] . The temperature increment that is predicted to occur with Global Warming in the near future will induce a shift in the summer foliage growth rhythm of the overstorey plants in southern Australia back from summer to spring-a season during which Mediterranean-climate rains are far more favourable for growth. The microtherm understorey with a shoot growth rhythm ranging from 10-20
• C with a peak at 15 • C will then flourish during the winter temperatures [5, 80] .
In north-eastern Australia, surface sea-water temperatures have increased by only about 5
• C [47] 
Foliage Projective Cover
An assessment of the foliage covers of overstorey (>2 m) and understorey (<2 m) strata that have developed in the seasonally-droughted plant communities that cover most of Australia was recorded using upward and downward vertical cross-wire sighting tubes at 50 cm intervals along five to ten randomly located 50 m transects. The mean values of these transect records defined the Foliage Projective Covers (FPC) in the overstorey and understorey strata of the plant community.
Detailed studies of the Foliage Projective Covers (FPC) in overstorey (o) and understorey (u) strata in a range of TWINSPAN Floristic Groups reveal that the sum (FPCo + FPCu) is related to the community-physiological constant, the Evaporative Coefficient [92] -the monthly ratio of actual to potential evapotranspiration per mm available soil water-from the arid to the humid climatic zones in tropical, subtropical, and temperate Australia [110] .
(FPCo + FPCu) remains essentially constant as Foliage Projective Cover in the overstorey changes during post-fire successions [111, 112] or decreases from the "climax plant formation" in edaphic and wetland continua [111, 113, 114] . Even the disjunct remnants of dry scrubs (rainforests) in a subhumid climate had the same (FPCo + FPCu) as the series of eucalypt plant communities on the serpentinite soil catena in subtropical Central Queensland (Figure 4) .
Field measurements of Foliage Projective Covers in the overstorey (when the grassy understorey is dry and brown) of over 150 timbered communities from the arid to the perhumid climatic zones of Queensland are closely correlated to the Normalised Difference Vegetation Index (NDVI) values that were recorded in 66 satellite observations at two-monthly intervals on 9 pixels (about 100 m 2 ) [115] . Since 1988, Foliage Projective Cover of overstorey trees has been recorded in a Statewide Landcover and Trees Study (SLATS) on every pixel throughout the State [116] .
Foliage Structure
The structure of a plant community influences the laminar flow of air over the overstorey strata ( Figure 5 ). Irregularities (roughness) in open-structured plant communities induce turbulent air movement within the community whenever wind blows across the foliage canopy [117] . During the short growing season of foliage growth, aerodynamic fluxes (frictional, thermal, evaporative ± atmospheric salinity) in the atmosphere as it flows over and through a plant community determine (1) in each leaf and, thus, the Leaf Area and Leaf Specific Weight of each developing leaf.
At the same time during this short growing-season, soil water and soil nutrients available within the rooting zone influence the number of leaves produced on each vertical foliage shoots-but not the lateral growth (FPC) and leaf attributes of each plant [5] . Thus, although (FPCo + FPCu) remains constant, vertical height of each life-form may vary in each structural formation, such as in closedforest (FPC 100-70%), in open-forest (FPC 70-30%), in woodland (FPC 30-10%) , and in open-woodland (FPC < 10%).
As the number of old leaves that abscise from vertical foliage shoots is generally the same as the number of new leaves produced on each vertical foliage shoot during the short season of growth, both the Annual Shoot Growth (dry weight of leaves per hectare) and Leaf Area Index (area of leaves per hectare) can be estimated in evergreen plant communities by measuring the following.
(1) Area and dry weight of leaf litter that falls into randomly distributed litter trays throughout the year.
(2) Area and dry weight of mature leaves per vertical foliage shoot-of leaves produced during the current year and the one or two leaves remaining from the previous year.
The canopy structure that is produced in the overstorey stratum of a plant community during the short season of foliage growth determines the net photosynthetic potential of the plant community throughout the year [68, 119] . Cyclical changes [120] of regeneration, development, maturation, and senescence that may be observed in a plant community during its life cycle-often truncated by fire in the Australian fire-tolerant vegetation [121] -must be examined in all stages of a soil-vegetation chronosequence. During these cyclical changes, the sum of overstorey and understorey Foliage Projective Covers has been shown to remain a constant [5] . Net photosynthesis of the whole plant community (per hectare) thus remains roughly constant throughout the life-cycle. The living cells of stems and roots in the plant community grow continually-thus, community respiration and carbon dioxide output increase dramatically from the regeneration to the maturation phase. Respiration (per hectare) of dependent consumers and decomposers increases simultaneously with available food sources in stems and roots during the regeneration phase. The senescence phase in a plant community will be associated with degeneration of the overstorey and regeneration of the understorey-(FPCo + FPCu), the sum of overstorey and understorey Foliage Projective Covers will remain constant. During the senescent phase of an ecosystem, respiration will increase in degenerating tissues of the overstorey and associated consumers and decomposers-thus more carbon dioxide is released from "old-growth forests."
Alpha Biodiversity
Alpha Biodiversity of plant communities can be assessed by recording the increase in species richness to an asymptotic value as the area of the quadrat increased in size-the species-area curve [122] [123] [124] .
Most open-structured plant communities in Australia approach a maximum value of species richness in an area of one hectare. A hectare of vegetation is essentially the same as that examined in the relevé phyto-écologue used by BraunBlanquet [125] and Long [126] in the survey of vegetation around the Mediterranean Basin. Vegetation in the CSIRO survey of the land systems in northern Australia was similarly recorded on areas of about one hectare [127, 128] .
The species richness of dense stands of subtropical rainforest approaches a maximum only when the sample area is over 100 hectares [5, 129, 130] .
The climatic range from the monsoonal climate in the north to the Mediterranean-type climate in the south makes the continent of Australia ideal for the study of the structure, growth, and biodiversity of ecosystems. The interrelationships of the Alpha Biodiversity of plants and 8 International Journal of Ecology animals were presented in the Mediterranean Data Source Book [131] and at the MEDECOS VI conference on plantanimal interactions [132] .
Aerodynamic fluxes (frictional, thermal, evaporative) exert the major control on the development of Foliage Projective Covers (FPCs) and leaf attributes (Leaf Area, Leaf Specific Weight, and Internode Length) in both the overstorey and understorey strata of a plant community [68, 94, [133] [134] [135] . The area of land covered by foliage in these two strata is thus determined, together with the photosynthetic potentials of all life forms. The annual vertical growth (biomass per hectare) of all foliage shoots is influenced by the ambient temperature, soil water, and soil nutrients available during the short growing-season in each stratum of a plant community.
The preponderance of nutrient-poor and mediumnutrient soils on the Australian continent has enabled the survival and evolution of the hardy Gondwanan vegetationcool temperate to tropical rainforest species; sclerophyll (heathy) and savanna (grassy) understoreys (± eucalypts); arid zone chenopods and desert Acacias-all of which have remarkable ecophysiological attributes to survive in this harsh environment where bush-fires have been common for at least 50 million years [5, 136] . Alpha Biodiversity (the number of species per hectare) in the overstorey of a plant community is correlated with the annual growth (biomass per hectare) of all foliage shoots in this stratum [119, 137, 138] . Alpha Biodiversity in the understorey is strongly affected by the degree of shading produced by the overstorey [69, 112, 113, 139, 140] .
The fixation of solar energy as biomass in foliage shoots [141] [142] [143] provides the major source of high-energy carbohydrates for the nonphotosynthetic parts of a plant community and dependant consumers and decomposers. It is not surprising that the Alpha Biodiversity of producers, consumers, and decomposers in any ecosystem may be correlated ( Figures 6 and 7 , after [5, 70, 114, 129, 131, 132, [144] [145] [146] [147] ).
The species richness of decomposers-such as soil and litter invertebrates-may also be correlated with the food resource provided by the annual fall of litter [148] [149] [150] .
As aerodynamic fluxes have an abrasive (desiccation) effect on the edges of isolated stands of vegetation, an area of over 100 hectares of subtropical rainforest appears to be necessary to minimise these fluxes on community structure and biodiversity of plants and resident birds [5, 129, 130] .
The horizontal spread of foliage-that is (FPCo + FPCu)-and leaf morphological attributes of plants from canopy to ground level in a plant community are influenced by aerodynamic fluxes during the short growing-season when new foliage is produced. At the same time, available soil water and nutrients determine the number of leaves that are formed on each vertical foliage shoot. Thus, the annual fixation of solar energy (as biomass per hectare) is determined; the number of species of producers, consumers, and decomposers that survive in each ecosystem depends on this energy supply.
Gamma Biodiversity
The high Gamma Biodiversity (number of species per region) found in the rainforest of north-east Queensland, in the vegetation on the Hawkesbury Sandstone near Sydney, and in the heathland vegetation of south-west Western Australia [151] , probably evolved in well-watered pockets during extreme drought periods in the Tertiary (Figure 3) . When the vegetation expanded after a favorable climate was restored, the species richness (Alpha Biodiversity, the number of species per hectare) was restored [5, pp. 317-338] . Alpha Biodiversity (number of plants per hectare) cannot be restored on the starkly eroded Arnhem Land sandstones in the monsoonal climate of Northern Australia.
Pollution and Biodiversity
The biodiversity of the flora and fauna in the openstructured plant communities of much of Australia has survived over 50 million years on soils rich in kaolinite that fixes phosphates in an unavailable form within its clay lattice. Today, these ecosystems are under threat from phosphate pollution [4, 69, 84, [152] [153] [154] [155] [156] . As the native vegetation degrades exposing more of the soil to solar radiation, soil nitrate ions instead of the normal ammonium ions are produced in the decomposition of organic matter; exotic plants with much thinner leaves, high in nitrate reductase enzyme are then able to invade [8, 157, 158] . A sizable buffer zone, large enough to reduce phosphate pollution and the invasion of exotic plants, must surround each conservation reserve to ensure the survival of these ecosystems [159] ; the impact of phosphorus pollution in litter and other debris along pathways must be reduced and counteracted [5, 155, 160] .
Atmospheric pollution, such as fluoride released from aluminium smelters, has also been shown to affect the growth and survival of species of eucalypts in the Subgenera Blakella and Corymbia, but has little effect on the Subgenus Symphyomyrtus in Central Queensland [161] . As the first two Subgenera are prominent in tropical ecosystems where species belonging to the Subgenus Symphyomyrtus also occur, fluoride pollution may ultimately reduce the species richness of the overstorey trees.
In the 1950s, the exploitation of uranium ores in the Northern Territory posed the possibility that radiation may affect the biodiversity of plants and animals on or near the deposits. No evidence of any obvious change could be detected in eucalypt diversity on these sites (W. E. Bateman, Forestry and Timber Bureau, pers. comm., 1952). Research at the Atomic Energy Laboratories at Chalk River, Ontario, Canada, clearly demonstrated that any radiation, above or below background, when exposed to trout sperm could have an effect on the number of eye malformations in the embryos [72, 162] . Thus, it is possible that any unicellular organism, with a very short life-cycle of a few days, may show genetic variation when exposed to radiation-for example, the remarkable increase in diversity of desmid algae from about 10 taxa in pools associated with the sandstone hills throughout the Top End to 136 taxa in Red Lily Lagoon International Journal of Ecology near Oenpelli [5, 73, 163] . Small multicellular phreatoicidean isopods also show "microendemism" in Northern Australia with 1 or 2 unique taxa each with a small apparent range, maybe less than a kilometer; in contrast, 3 species were found in pools south of Oenpelli while 11 species were recorded in the North Jabiluka outlier [75] .
Global Warming and Biodiversity
Since the Industrial Revolution, the level of carbon dioxide in the atmosphere has steadily increased to about 450 ppm due to the burning of fossil fuels. Much of the black-body radiation reradiated from the surface of the Earth is trapped by these gases, thus gradually increasing the temperature in the atmosphere-the "greenhouse effect" ( [5, Page 197] ; [164] ). The level of carbon dioxide in the atmosphere is now so high that Global Warming is inevitable-as had occurred during the Late Cretaceous and the Mid Tertiary (Figure 3 ). An increase in atmospheric temperature of 2-5 • C is predicted throughout the world; an increase of almost 1
• C has been recorded over the last decade. A southerly shift of the "Polar Front" [165] will probably reduce wind speeds throughout the continent. As in the past, these changes in aerodynamic fluxes (frictional, thermal, evaporative) as the atmosphere flows over and through a plant community during the short period of seasonal foliage-growth will have a profound effect on native terrestrial ecosystems as well as on agriculture, forestry, horticulture, and rangeland land-use.
Although the annual growth of vertical foliage shoots in the plant communities may be increased by higher carbon dioxide, soil water, and increased air temperature, aerodynamic fluxes (frictional, thermal and evaporative) will cause a reduction in the overstorey and understorey foliage covers-therefore, tall open-forest → open-forest → woodland → open-woodland → tall shrubland → low shrubland. At the same time, higher air temperatures would increase respiration in stems and roots, also in consumers and decomposers-with respiration rates doubling with every 10
• C increase in temperature; standing biomass (per hectare) in the plant communities would be reduced ( [5, pp. 199-230] ; [166, 167] ).
Although there may be an increase in the number of leaves that are produced on vertical foliage shoots during the short season of shoot growth, the sum of the Foliage Projective Covers in overstorey and understorey strata-that is (FPCo + FPCu)-will be reduced by Global Warming. The interception of solar radiation by the plant community will be reduced, thus reducing net photosynthetic fixation (per hectare per annum). Alpha Biodiversity of species of both plants and resident vertebrates in each ecosystem is threatened.
Conclusions
The scientific study of community-physiological processes that determine structure, growth, and biodiversity of Figure 7 : Number (N) of species of amphibians in nutrient-rich, medium-nutrient, nutrient-poor, and extremely nutrient-poor habitats in northern and southern Australia, plotted against the Evaporative Coefficient (k) of the sampling locality (a), and plotted against the Annual Shoot Growth of the major plant formation at the sampling site (b)-(after [147] ). plant communities (with associated consumers and decomposers) has been developed since the 1950s. Three major community-physiological processes need further research to understand the possible effects of Global Warming and pollution on Australian ecosystems.
(1) The sum of Foliage Projective Covers of the overstorey and understorey strata is a constant-in space and time-for each climatic region. This constant appears to be determined by aerodynamic fluxes (frictional, thermal, evaporative) in the atmosphere as it flows over and through a plant community during the short period of foliage shoot growth.
(2) The species richness (number of species per unit area) of overstorey and understorey strata of a plant community (and associated resident vertebrates) is correlated with Leaf Area Index (per hectare) and thus with the amount of solar energy fixed annually by the overstorey canopy.
(3) The evolution of new species of plants appears to be rare in terrestrial ecosystems that have survived in Northern Australia for over 50 million years. In contrast, many taxa of unicellular algae and small isopods have evolved in permanent freshwater lagoons that may have been exposed to increased background radiation.
